Introduction
Osmium-Ruthenium (Os-Ru) coated (M-type) dispenser cathodes are well known for their marked improvement in electron emission over bare (B-type) dispenser cathodes [1] . Over the course of the activation process and operating time, the Os-Ru coating will alloy with the porous tungsten (W) substrate [2, 3] . Some researchers have postulated that the Os-Ru-W alloy rather than the Os-Ru coating is responsible for the notable emission enhancement [2] . However, many believe that if too much W is incorporated the emission enhancement from the coating disappears [3, 4] . In this work, thin films of Os-Ru-W with a range of compositions were investigated to explore trends in work function or crystal structure with composition.
Experimental Details
Os-Ru-W films with a range of compositions were sputter deposited on molybdenum-rhenium (Mo-Re) substrates. A sheet of Mo-Re was laser-cut into 5mm x 10mm pieces. The pieces of Mo-Re were mounted linearly across a substrate carrier. Once transferred into the DC magnetron sputtering system the line of pieces was aligned such that it was parallel and centered between two targets, Os-Ru and W. The setup allowed for a composition gradient to develop along the line of the pieces with one end rich in Os-Ru and the other end rich in W. The slope of the composition gradient could then be controlled by adjusting the targets' voltages. The Os-Ru target was composed of nominally 65 at.% Os and 35 at.% Ru while the W target was 99.99% pure.
The composition gradient along the line of the pieces was determined using energy-dispersive x-ray spectroscopy (EDS). The crystal structure variation along the composition gradient was determined with x-ray diffraction (XRD) in a θ-2θ configuration. The work function variation along the composition gradient was determined using a Kelvin probe which utilizes the contact potential difference between the sample and a vibrating head to determine the work function.
Results
With a linear composition gradient from ~15 at.% W to ~65 at.% W, there appeared to be a work function maximum of approximately 5.15 eV that occurred around 30 at.% W. Figure 1 shows the composition gradient in the films studied, while figure 2 shows the work functioncomposition relationship. XRD revealed changes in the crystal structure along the composition gradient with indications of alloying. 
Conclusions
The maximum in work function at ~30 at.% W seems to mesh well with two historical correlations:
1. A high work function coating has the effect of reducing the overall work function of the cathode [5] .
2. Some W incorporation in the coating is beneficial, while too much W negates the emission enhancing effect of the coating [4] .
Further investigation of microstructural features in OsRu/Os-Ru-W films and their correlation with work function may shed more light on the mechanism of work function enhancement from cathode coatings.
